Similarly, the full extent of epigenetic regulation that occurs in response to axonal injury remains unknown. While the authors show significant regeneration impairments following Tet3 knockdown, axon regeneration was not entirely abolished. This indicates that additional regulatory mechanisms are indeed at play in the injured neuron. Moreover, the approach taken by Weng et al. (2017) was very targeted: a limited number of epigenetic factors were initially considered, several genes known to be involved in DNA demethylation did not show expression changes following injury, and very few RAGs were probed following the identification of Tet3 as a critical mediator of regeneration. Future work on this topic should consider more unbiased approaches. Specifically, whole-genome bisulphite sequencing following SNL would provide a more comprehensive picture of the effects that axonal injury has on the methylome and potentially shed light on the additional factors that provide proregenerative specificity. Additionally, future studies should test the ability to enhance normal levels of axon regeneration by manipulating the activity of Tet3. These experiments will have far-reaching implications for regenerative medicine in both the PNS and CNS. Given the inherent differences in the capacities for growth of PNS and CNS neurons, identifying the differences between PNS and CNS neurons' epigenetic response to injury in the absence of genetic mutations may provide insight. While further efforts are required for a more complete understanding of the epigenetic mechanisms that respond to axonal injury and regeneration, the current work by Weng, An, Cassin, and colleagues provides a strong basis for such understanding.
The polarized distribution of proteins such as ion channels, scaffolding proteins, and neurotransmitter receptors underlies every aspect of neuronal function, from wiring to information processing in neural circuits. Neurons are highly polarized cells with axonal and somatodendritic compartments, which can be further subdivided into structurally, functionally, and molecularly distinct domains, such as the axon initial segment (AIS) or postsynaptic density. Organizing and maintaining the molecular identity of these domains poses a formidable challenge for neurons with large and complex axonal and dendritic arbors, requiring a tight control over the trafficking of the various types of cargo bound for different destinations in the cell.
Long axons, and the need to deliver cargo to distant growth cones or pre-synaptic terminals, pose an especially challenging problem. Cargo filtering by the AIS, a specialized domain in the proximal axon highly enriched in scaffolding proteins and sodium channels (Rasband, 2010) , and active transport by motor proteins along microtubule tracks are known to play key roles in achieving a polarized distribution of axonal proteins (Bentley and Banker, 2016) . In this issue of Neuron, Gumy and colleagues report a surprising role for the microtubule-associated protein MAP2, a microtubule-stabilizing protein abundantly present in the somatodendritic compartment, in controlling the axonal entry of cargo vesicles and regulating their distribution along the distal axon.
Rather than studying cargo trafficking in classical polarized cell types such as hippocampal neurons, Gumy et al. (2017) use adult dorsal root ganglion (DRG) neurons, which have a simplified morphology, maintaining one or more long neurites in culture that are typically considered axons. Previous work had shown that some types of cargo were restricted to the soma, whereas other cargo entered the axon in DRG neurons (Zhao et al., 2011) , suggesting the presence of a mechanism for selective cargo sorting. Unlike hippocampal neurons, however, adult DRG neurons cultured in the absence of myelinating Schwann cells lack a clearly discernible AIS to filter cargo. Only MAP2 shows a restricted distribution to the proximal axon of DRG neurons, a pattern that is maintained by TRIM46, a recently identified microtubule-associated protein that defines a region between the soma and the AIS and is important for microtubule organization (van Beuningen et al., 2015) . Knockdown (KD) of MAP2 in DRG neurons perturbs the trafficking of multiple types of cargo vesicles, with some cargo normally restricted to the cell body now accumulating in growth cones and vice versa. A detailed analysis of the trafficking of secretory vesicles revealed that the axonal entry of these vesicles is strongly impaired in the absence of MAP2. These observations suggested that MAP2 differentially controls axonal cargo transport, driving synaptic and secretory vesicle accumulation in the periphery and retaining lysosomes in the cell body. Furthermore, the authors could show that this activity was independent of MAP2's role as a microtubule stabilizer. How then might MAP2 control axonal cargo entry?
A clue came from previous work showing that MAP2 can directly control the activity of motor proteins (Hagiwara et al., 1994) . Analysis of two kinesins previously implicated in secretory vesicle trafficking revealed that KIF1/kinesin-3 KD resulted in vesicle accumulation in the cell body, whereas interference with KIF5/kinesin-1 resulted in accumulation in the growth cone. This effect could be reversed by KD of both kinesins, suggesting that the two motors have cooperate activity in secretory vesicle trafficking. This idea was further supported by single-molecule analysis showing that KIF1 is a ''fast'' motor, KIF5 is ''slow,'' and the average speed of secretory vesicles is somewhere in between the two. Of the two kinesins, MAP2 was found to strongly impair motor activity of KIF5, but not of KIF1, by inhibiting KIF5 binding to microtubule tracks. In this way, high concentrations of MAP2 in the proximal axon inhibit slow KIF5 motor activity, allowing the fast KIF1 motor to drive secretory vesicles into the axon (Figure 1) . Thus, by balancing the activity of different motors on single secretory vesicles, MAP2 controls axonal cargo entry.
At first glance, it seems counterintuitive to have motors with different speeds on vesicles destined for long-distance transport, as fast motors alone would seem sufficient to drive cargo down the axon. Using a combination of experimental observations and mathematical modeling, Gumy et al. (2017) show that it is the balance between fast and slow motors that promotes the proper spreading of secretory vesicles into the distal axon. In the absence of MAP2-mediated inhibition of KIF5, slower vesicles dock in the proximal axon, leading to cargo depletion in the distal segment (Figure 1) . Interference with KIF5, on the other hand, results in accumulation of vesicles in the growth cone because the fast motor takes over. Therefore, the presence of two different kinesin motors on the same vesicle and MAP2-mediated selective control of kinesin activity in the proximal axon regulate the distribution of cargo in the axon.
These findings show that a surprisingly simple set of rules controls selective In sensory neurons, MAP2 (blue) localizes to the cell body and proximal segment of the axon. Secretory vesicles (purple) contain two distinct kinesin motors: the ''slow'' motor KIF5/kinesin-1 (red) and the ''fast'' motor KIF1/kinesin-3 (green). MAP2 selectively binds to KIF5, inhibiting slow motor activity and allowing the fast motor to drive vesicles out into the axon. In the distal segment, MAP2 inhibition of KIF5 wears off, allowing slower motor activity to distribute vesicles along the axon. Following knockdown of MAP2, slower vesicles are retained in the cell body and the proximal segment of the axon, leading to cargo depletion distally. Thus, the presence of two distinct kinesin motors on a single vesicle and selective regulation of kinesin activity by MAP2 in the proximal segment regulate axon entry and cargo distribution.
axonal transport and cargo distribution to distal axonal segments in sensory neurons. They also raise new questions. Given the simplified morphology of cultured DRG neurons, which lack a dendritic domain, an obvious question is how universal the minimal mechanism identified here is. This question is addressed in part by Gumy et al. (2017) , who show that MAP2 KD in hippocampal neurons also impairs axonal entry of secretory vesicles, suggesting that the mechanism indeed applies to other, more complex types of neurons. However, this immediately raises the new question of whether the AIS is redundant in those neurons, which would contradict previous studies showing that the AIS acts as a a barrier for dendritic cargo. A likely explanation is that, although DRG neurons can do without a structured AIS, highly polarized neurons need multiple layers of control over the trafficking of different cargo vesicles and use both a MAP2-defined preaxonal zone to regulate motor activity and the AIS to filter dendritic and axonal cargo. Interestingly, a recent study in young hippocampal neurons found that axonal transport is already polarized before the AIS has formed and suggested that an interaction between motors and microtubules regulates selective transport at early stages (Petersen et al., 2014) . Another study recently showed that sorting of dendritic cargo vesicles in the axon occurs in a region proximal to the AIS (Farías et al., 2015) , indicating that the exact mechanisms regulating polarized sorting in the proximal axon are still unclear. An intriguing possibility would be that MAP2-mediated control of motor activity regulates selective transport in young, developing neurons, and that the AIS develops later to fine-tune cargo trafficking as cells mature and develop a complex morphology. It will be of interest to investigate whether these different mechanisms indeed operate in parallel and whether additional MAPs prevent mistargeting of dendritic cargoes to the axon. Does the mechanism identified here also apply to other kinesins and the sorting of other types of cargo? Depletion of MAP2 was found to perturb the trafficking of multiple cargo vesicles in DRG neurons. Lysosomes, for example, which are normally retained in the cell body, accumulate in the periphery following MAP2 KD. KIF5 has been reported to be the dominant motor protein for lysosomes (Guardia et al., 2016) , suggesting that MAP2-mediated inhibition of KIF5 motor activity normally prevents lysosomes from leaving the cell body. However, given the complexity of multiple MAPs, kinesins, and cargo types in the neuron, more work will be needed to determine how other kinesins and cargo types are influenced by MAP2. In this regard, it will also be important to determine how MAP2 regulates motor activity in dendrites, where it is most abundantly expressed.
How might MAP2-mediated cargo sorting be influenced by neuronal activity or signaling mechanisms? Gumy et al. (2017) find that glutamate treatment of DRG neurons increases the axonal entry of secretory vesicles. This activity-dependent increase in axonal trafficking is blocked by depletion of MAP2. Glutamate dephosphorylates MAP2, suggesting that activity-induced dephosphorylation of MAP2 increases axonal entry. The exact mechanism remains unclear, however. Future work should determine whether glutamate-induced dephosphorylation of MAP2 promotes binding to KIF5 and prevents KIF5 landing on microtubules, thereby leading to increased axonal transport of secretory vesicles, or whether other mechanisms are at play.
Taken together, the new findings by Gumy et al. (2017) provide new insight into the molecular mechanisms regulating the selective sorting of cargo proteins. The identification of a pre-axonal MAP2 filtering zone that is distinct from the AIS adds to the cellular repertoire for regulating the trafficking of various types of cargo bound for different destinations in the cell. Given the many different kinesins and cargo types in neurons, it seems likely that additional regulatory mechanisms exist. Furthermore, these findings highlight that many fundamental questions, such as how the cell organizes and maintains distinct cargo sorting domains in the proximal axon or how these cooperate in selective cargo sorting, still remain unanswered. Addressing those questions will provide a deeper understanding of the molecular and cellular mechanisms organizing the polarity of neurons that is at the heart of nervous system function.
